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EMBODIMENT IN BOTTOM P TYPE 
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V [v] WHEN FREE LAYER IS THICK 
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WHEN FREE LAYER IS THIN 




PROBLEMS WHEN FREE LAYER IS THIN: 
Hs' < Hs (Inclination becomes sharp) 
-> Hard toodjustbias point 
- AV < A V (HR ratio decreases) 
— > Cannot produce output sl^A&J 
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Hshift = - Hin + Hpin - Hcu. 

(£fc&+Hcu) 



CONCEPTUAL GRAPH BIAS POINT (b.p.) 
INDICATED ON TRANSFER CURVE 



arivAK, CT AL 

DOCKET* 208954US2RD CONT 



M 

WRg.10 



r 



CO 



Upper Layer 



Free Layer 



Lower Layer 



a 



Q 



Sense Current .* Is— h+fe+U [mA] '•" 

DIAGRAMMATIC VIEW OF DIVIDED CURRENT FLOWS 
OF SPIN VALVE FILM 
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BIAS POINT OF FIRST COMPARATIVE CASE (NoSfSA Filter x 
Normal Pin) 

(- Controllability becomes bad to bring large Hpin to 
just bias by large Hcu . (height dependency is large) 
- Output drops because no Spin-Filter effect is utilized) 
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2. 

BIAS POINT OF COMPARATIVE CASE (5/«* Filter exists x Normal 
Pin) 

(b.p. increases considerably more than 50% because Hpin is 
large and Hcii is small) 
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When Free Layer is Thick 

When Free Layer is Thin 
H 



BIAS POINT OF THIRD COMPARATIVE CASE 
(•Bias point is stabilized when free layer is thick 
just by decreasing Hcu. 

-When free layer is thinned, influence of Hpin is 
large and b.p. deviates. MR also deteriorates) 
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BIAS POINT OF FOURTH COMPARATIVE CASE (No Sfn Rlter x 
Synthetic AF) 

(-Just bias cannot be obtained even when current is 

flown in either direction when Hin and Hpin are small and 

Hcu is large near the place where -Hin+Hpin is almost 50%) 
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First Comparative Case 
•■a- Third Comparative Case 

-<>~ Present Invention (First Embodiment 
underlying Cu fixed at 2 nm of thickness) 



Second Comparative Case 
(underlying Cu fixed at 
2 nm of thickness) 

Fourth Comparative Case 
Present Invention 
(Second Embodiment, 
underlying Cu fixed at 2 nm 
of thickness) 




.Third 
/Comparative Case 



M s *t [nmTinNiFe] 
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SECTIONAL VIEW OF SPIN VALVE ELEMENT PART 
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Anti-ferro-magnetic 
coupling completely 
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STRUCTURE OF SV FILM 
VOLTAGE : ESD Voltage by Human Body Model. 
ESD CURRENT : + Direction is direction in which ESD Current 
Magnetic Field is applied in the Same Direction with Magnetization 
of Ferro-magnetic Layer B j 

WHEN THICKNESS OF MAGNETIC LAYER OF 
FERRO-MAGNETIC LAYER A IS EQUAL WITH THAT OF 
FERRO-MAGNETIC LEYER B 
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STRUCTURE OF SV FILM 
r VOLTAGE : ESD Voltage by Human Body Model 
ESD CURRENT : + Direction is direction in which ESD Current 
Magnetic Field is applfed in the Same Direction with Magnetization 
k of Ferro - magnetic Layer B 

WHEN THICKNESS OF MAGNETIC LAYER OF 

FERRO-M AGN ETIC LAYER A > THICKNESS OF MAGNETIC 

LAYER OF FERRO-MAGNETIC LEYER B 
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